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It has been proposed that the ventricular myocardium, bothright (RV) and left (LV), exists as a continuous muscleband.1-4 The band is oriented spatially as a helix formed bybasal and apical loops. We hypothesize that this unique anato-
my and spatial configuration of the myocardial muscle determine
the way the ventricular ejection and filling take place.5,6 Further,
knowledge of this unique morphologic and physiologic character-
istic should facilitate development of more effective surgical pro-
cedures in congestive heart failure. 
Unwrapping of the Ventricular Myocardial Band 
Careful anatomic studies have established the way the cardiac
band should be unrolled.3,4 Unwrapping occurs easily (Figure 1),
with least resistance, along a natural cleavage plane. Dissection of
the ventricular myocardial band can be accomplished in three
steps. In the first step (Figure 2, A), the basal loop is unrolled. The
superficial fibers of the anterior aspect of the left ventricle are cut
along the anterior interventricular sulcus (see arrow) to pull apart
the RV free wall (Figure 2, B). Dissection can then proceed poste-
riorly following the cleavage plane. In this way the complete basal
loop is extended in its full length (Figure 2, C, black and dark gray
areas). In the second step (Figure 2, C and D), the aorta is dis-
mounted, which involves separation along the cleavage plane (see
arrow in Figure 2, C) defined by the two muscular strata, the fibers
of the descending segment (white) and the fibers of the ascending
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segment (light gray). The fibers of ascending and descending seg-
ments cross each other at a 90° angle at the level of the septum.
Following such a plane upward to the aorta, right and left trigones
are found (see lt and rt in Figure 2, D). After sectioning of both
trigones, the aorta can easily be dismounted. In the third step
(Figure 2, D and E), the apical loop is unrolled. Pulling apart the
dismounted aorta allows the apical loop to be unrolled so that the
entire ventricular myocardial band can be stretched out (Figure 2,
E). Accordingly, the band extends from the pulmonary artery to the
aorta (Figures 1 and 2).
Segmental Anatomy of the Band 
At the center of the uncoiled myocardial band, a fold can be
observed that twists the band by 180° and demarcates its basal
and apical loops (Figure 2, E). The basal loop runs from the pul-
monary artery root (a) to the central fold (b), and the apical loop
runs from the central fold (b) to the aortic root (c). Both loops,
in turn, can be divided into two segments each. The basal loop is
divided into the RV free wall segment (RFW, black), which
extends from the pulmonary artery root (a) to the posterior inter-
ventricular septum (dotted line d), and the LV free wall segment
(LFW, dark gray), which extends from the posterior interven-
tricular sulcus (d) to the central fold (b). Similarly, the apical
Figure 1. The consecutive stages of the unwinding of the ventric-
ular myocardial band are shown. See Figure 2 (steps A-E) for
schematic representation. 
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loop is also divided into two segments, the descending LV seg-
ment (DS, white), which extends from the central fold (b) to the
posterior papillary muscle (ppm, see d), which topographically
coincides with the posterior interventricular sulcus when the
band is wrapped), and the ascending segment (AS, light gray),
which extends from the posterior papillary muscle (ppm) to the
aortic root (c). Therefore, the ventricular myocardial band pro-
duces two helicoid spirals. One spiral is represented by the api-
cal loop and the other by the basal loop (Figure 3). 
Conceptualizing Mechanics of Ventricular Contraction Based
on Spatial Orientation of Myocardial Band
Anatomy dictates function, and it is likely that the helical anatom-
ic configuration may contribute to ventricular performance.5,6 In
this respect, analysis of the movements of the heart in cine-loop
nuclear magnetic resonance studies of normal individuals7 demon-
strates lack of movement of the apex during the cardiac cycle.
Instead, the entire base of the heart (atria and great vessels) moves
downward in systole and upward in diastole. Recently, using fast
Fourier analysis of gated blood pool ventriculography, we have
observed that the sequence of mechanical ventricular activation
closely follows the helicoid trajectory of the myocardial band; the
initial segment to be activated is the basal region of the ventricle,
first the RV segment and then the LV, and the apical segments fol-
low.8 It is conceivable that sequential contractile activity of the
peculiar helicoid structure of the ventricular myocardium allows
upward and downward movements. The sequence of contraction is
as follows: RV free wall → LV free wall → descending segment →
ascending segment. Accordingly, after contraction of the RV free
wall segment (black), contraction of the LV free wall segment
(dark gray) takes place. As a result, the entire basal loop (both
black and dark gray segments) becomes a rigid external cylinder,
analogous to the stiff outer shell previously described by Armour
and Randall.9 Subsequent contraction of the descending segment
pulls the ventricular base downward, thereby shortening the long
axis of the ventricular cavity, reducing its volume and allowing
ventricular ejection. Contraction of the ascending segment then
results in an increase in the longitudinal axis of the ventricles and
an upward displacement of the base of the heart, which increases
the ventricular volume. The increase in volume is similar to recent
nuclear magnetic resonance study7 and allows for the suction func-
tion (or diastole) of the left ventricle, as previously hypothesized.10
Therefore, the mechanics of the ventricles resemble those of a
cylinder and piston of a motor engine. The cylinder is constituted
by the basal loop, the contraction of which forms an outer stiff
shell that is pulled down by the contraction of the descending seg-
ment and upward by the ascending segment.5 Whereas the cylinder
is fixed and the piston provides the mobile element in the former,
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Figure 2. Schematic representation of the ventricular myocardial
band (A-E) for consecutive stages of unwinding. The myocardial
band can be divided into four segments (E): RV free wall (RFW,
black), LV free wall (LFW, dark gray), descending segment (DS,
white), and ascending segment (AS, light gray). The myocardial
band extends between the pulmonary artery (PA) and the aorta
(Ao). These segments spatially conform to two loops: the basal
loop (from a to b), constituted by RFW (black) and LFW (dark gray),
and the apical loop (from b to c) formed by the descending seg-
ment (DS, white) and the ascending segment (AS, light gray). The
spatial configuration of both loops forms a helicoid as shown in
Figure 3. Arrows indicate the cleavage plane that provide clues
for unwinding the myocardial band. apm, Anterior papillary mus-
cle; AS, ascending segment; Ao, aorta; DS, descending segment;
LFW, left ventricular free wall; lt, left trigone of the aorta; PA, pul-
monary artery; ppm, posterior papillary muscle; RFW, right ven-
tricular free wall; rt, right trigone of the aorta.
Figure 3. Schematic representation of the spatial configuration of
the ventricular myocardial band as a helicoid. Abbreviations and
shading as in Figure 2.
A B
C
D
E
Brief Communications
The Journal of Thoracic and Cardiovascular Surgery • Volume 122, Number 2 391
TX
ET
CS
P
A
CD
CH
D
G
TS
ED
IT
O
RI
A
L
the cylinder moves over the fixed piston in the human ventricle.
One intriguing aspect of the ventricular mechanics is the nature
of the upward movement of the ventricular base, which elongates
the long axis of the ventricular cavities. In nuclear magnetic reso-
nance studies, the basal myocardium moves abruptly upward in the
late phase of systole.11 The question of why the contraction of the
ascending segment should give rise to an increase in the longitudi-
nal axis of the ventricles is of major interest. One way to explain
such a movement is proposed in Figure 4. At the time of contrac-
tion of the descending segment, which pulls down the entire basal
loop (cylinder) of the ventricles, the ascending segment adopts a
forced “S” configuration (Figure 4, C). On the other hand, the con-
traction of the ascending segment (thicker fibers in Figure 4, D)
implies its stiffening, which gives rise to lengthening of the long
axis of the ventricular cavities. This movement is similar to the
way the contraction of the dorsal musculature of the snake is asso-
ciated with lengthening and upward movement of its body struc-
ture (Figure 4, C, D, and E). In the heart, increase of the long axis
of the ventricle would give rise to the suction of blood (early rapid
filling phase).12 Due to the spatial configuration of the ascending
and descending segments, a rotational movement of the heart
occurs. This confirms the echocardiographic observations of the
motion of the papillary muscle3 and recent characterization by
nuclear magnetic resonance.11 In the latter study, a counterclock-
wise LV twist of the basal portion of the ventricle was detected
during isovolumic contraction (probably caused by contraction of
the descending segment), whereas the base rotated clockwise dur-
ing late systole (contraction of the ascending segment). The seg-
mental direction of fibers of both segments shown in Figure 4
explains the rotational movements.
Surgical Implications
We reason that sequential contraction of the ventricular muscle
band, spatially distributed as a helicoid, results in successive short-
ening and lengthening of the ventricles. These movements may
determine the ejection and suction of blood, respectively. Such a
concept proposes early diastole as an active process.10 It should
also alter our approach to the surgical intervention in heart fail-
ure.12 Reduction ventriculectomy has been recently proposed as a
surgical alternative in end-stage heart failure in transplant noncan-
didates. Although theoretically logical, the technique has not
proven surgically efficacious. It is likely that ligation of apical and
basal segment muscular planes after partial volume reduction
interferes with the natural sequence of myocardial contraction and
offsets the benefit accrued from diastolic volume attenuation. It
behooves us to develop surgical strategies that precisely shorten
the nonoverlapping regions of the ventricular muscle band. 
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likely configuration it adopts in late systole (right). Contraction of
the descending and ascending fibers also results in a rotational
motion of the heart, as illustrated in the two intermediate figures,
which depict such movement as seen from the apex. 
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